Ever since the picturesque description of "animal electricity" by Galvani in the latter part of the eighteenth century, it has been tacitly assumed that electrical phenomena could be found associated with many biological processes. In fact, in recent years, a score or more of distinguished investigators have been studying the alternating current characteristics of the nervous system. These studies have been primarily concerned with the similarities of the action current in nerve fibers and of alternating wave phenomena in electricity. The development of instruments for studying these phenomena has been largely patterned after commercial designs. With the help of great magnification and refined methods of recording, the minute changes in electrical potential in nerve fibers during the passage of an action current have been studied. The results to be obtained by such investigations, in all probability, must be limited, since they record only the action current and not the characteristics of the fiber transmitting the action current. The very nature of the instruments used bars them from recording with any real accuracy potential characteristics other than those of an alternating character and yet direct current elements must be present. Observations on these polar differences have not been made, frequently because up to the present all current-measuring devices require current for their operation. It is obvious that any sensitive instrument which draws current will impose changes of greater or less magnitude on the electrical characteristics of the thing measured. Moreover, the passage of an electrical current through a measured living system polarizes the interfacial membranes in that system. Thus a second artefact appears in such measurements.
Ideally, the measurement of potential differences in a living system should be made by a voltmeter or other measuring device which draws no current, and with the aid of electrodes, which are non-polarizing. The input e.m.f. to be measured is applied between grid and cathode of one tube, the resulting bridge unbalance being registered on a galvanometer. A calibrated potentiometric grid bias is employed, so that a null method is attained and the instrument is rendered direct reading. By means of a gain control, any of several e.m.f. ranges may be used to suit various conditions. The instrument uses the Wynn-Williams method to compensate for "A" battery fluctuation, but no "B" or "C" battery compensation is employed.
A feature of the device important to biologists lies in the fact that a very high input impedance is attainable. By a suitable control of plate voltage on the tubes, the grid current of the input tube can be reduced to a very low figure-in the present set-up it is less than 10 ampere. This makes the instrument independent, within very wide limits, of any changes in resistance of the specimen under investigation. At the same time it permits of the use of high resistance electrodes (such as glass electrodes). The stability of this instrument is such that a sensitivity of better than 5 microvolts per millimeter galvanometer deflection can be employed, and even at this sensitivity no elaborate shielding of the specimen under test is necessary.
The instrument in use is not unlike that independently designed by Stadie and his associates and is at present being further developed. In the near future there should be available an instrument which will provide photographic recording of any electrical characteristics of a living system, whether it be DC or AC.
It is quite obvious that with such an instrument two fields of exploration are possible. The first of these is largely descriptive. Here the measurement of polar differences and their correlation with living processes should be made. Since the technic employed is as nearly free from flaws as present knowledge permits, fairly accurate electrical pictures of the living organism should be obtained. The second field is that of analysis of the electrical properties and should include an attempt to determine where and how they appear and to find some reasonable explanation of their presence.
The first six months of work with the instrument has been concerned chiefly with the exploration of animals and has produced some rather astonishing results. Data at present have shown constant polar differences between the cephalic and caudal extremities of salamander embryos and mouse embryos. The head has been invariably negative to the tail, with voltage differences of 100-700 microvolts. A rise and fall in these polar differences have been observed at different stages in development suggesting a rhythm comparable to Coghill's rhythm of mitosis. In any event, it seems to be clear that electrical differences are not constant but vary from moment to moment and presumably, therefore, must be intimately related to such things as cell division rates, metabolic rates, the internal economy of each cell which is associated with differentiation and, as Burr and Northrop have elsewhere suggested, it is not improbable that they may be bound up with the dynamic wholeness of a living system. Electrical currents produce electrical fields and it is possible that a living organism possesses not only many small fields but a single large field. Moreover, it is possible that these fields are not mere by-products of cellular activity but are to some extent determining and guiding factors in development and in living processes.
These considerations suggest that any cyclic phenomenon in organisms could be measured by determining the cyclic variations in electrical characteristics. Day-by-day readings have been made on humans over several months. Observations to date show that in the male the variations are great and offer no correlation with any obvious circumstances. However, a given individual usually shows high voltage differences of the order of seven or eight thousand microvolts or very low differences of the order of two hundred to five hundred microvolts. Still others fall into the intermediate groups. More extensive study should prove to be very interest-ing and there is a possibility that individuals can be grouped into classes on the basis of their electrical properties.
In the female, where cyclic variations are known to occur, we have gathered some extremely interesting and suggestive data. During the menses voltage differences are low. A week or ten days after the onset, a low peak occurs followed by a drop to be succeeded, on about the 13th to the 15th day, by a much higher peak. Following this the voltage differences fall off gradually to the next period. While month-to-month variations occur, the curve seems to be quite characteristic so far as they have been studied.
These findings suggested at once the possibility that ovulation might show changes in the polar differences. Working with rabbits, Burr, Hill, and Allen have been able to show that during ovulation there is a rapid rise in the polar differences paralleling the enlargement of the follicle. At the instant of rupture the voltage differences drop to the base line. Recordings made from the intact animal leave little doubt that with the aid of this instrument the exact time of ovulation and the number of ruptured follicles can be determined. Here, obviously, is a wide-open field for further study. At present these studies are being extended to primates and man.
Allen and others have shown that the chemical substance, theelin, is bound up with the cestrous cycle. Some preliminary observations would indicate that with the aid of this instrument it may be possible to study accurately some of the effects of theelin on the living organism.
The primary purpose in designing the instrument was to further studies in the development of the nervous system and its functioning in the adult. These studies have just begun and it is too early to do more than call attention to the possibilities in this field. With this instrument a critical study of the electrical conditions which make functional activity in the peripheral nerve possible, may be made before, during, and after the passage of an action currenit.
The whole field of central nervous system physiology should yield extremely interesting and valuable results. Emotional states and mental processes also could be studied and if our present findings are significant, the results may well be exciting.
Perhaps the most astonishing findings yet obtained have been the polar differences associated with malignant tumors in mice.
Through the courtesy of Dr. L. C. Strong, it has been possible to study the electrical characteristics of spontaneous carcinoma of the mammary gland in known genetic strains. Transplanted tumors and chemically produced tumors have also been measured. With Dr. G. M. Smith, more than sixty tumors have, so far, been critically examined. A comparison of the voltage differences between any two points on the normal skin and between normal skin and tumor have shown a remarkable differential. In general, tumor tissue is electro-negative to normal skin, from 1000 to 7000 microvolts. This indicates a marked rise in tumor e.m.f.'s over general body e.m.f.'s. The histopathological studies of this same material are still in progress so that it is too early to give definite meaning to these data. But the possibilities are very interesting, particularly with reference to the suggestion made by Professor Dodge in a recent publication, that electrical properties of tissues may be related to atypical growth. It is clear from the above that this new technic opens many new aspects of life to controlled critical examination. So far as can be seen, the data themselves can be relied upon. Interpretations thereof should be made with care and should prove to be both interesting and informing.
